312                  HYDROMETALLURGY OF COPPER
In experiments made by Greenawalt to get more information on the rate of oxidation of lead anodes, one test of 1000 ampere-hours, continuous run, with a current density of 20 amperes per square foot resulted in depositing 37 oz. of copper and in producing 14 oz. of lead peroxide. Another run of 500 ampere-hours was made in which 20 oz. of copper was deposited and 3 oz. of peroxide recovered. While still another run of 1458 ampere-hours, with a higher current density produced 60 oz. of copper and only 3 1/4 oz. of peroxide of lead.
There is no difficulty in collecting the peroxide and again reducing it to metallic lead to be reused for anodes, but it necessitates an extra expense in the operation of a plant which, however, is largely compensated for by the fact that with the exception of a small loss in reduction there is no cost for material for replacements.
The suggestion naturally occurs that if the peroxide of lead is the ultimate product of the lead anode, why not make an anode of peroxide, and thus overcome entirely the difficulties due to oxidation? This has been tried repeatedly, and Hughes tried it in various ways, but the resistance to the electric current, even with a good conducting skeleton, was so high as to put it beyond further consideration.
If sulphur dioxide is used as a depolarizer in the electrolysis of copper sulphate solutions, then, theoretically, twice the amount of acid combined with the copper is regenerated:
2 + 2II30=2ir2S04 + 21,320 calories,
but it is difficult to carry this out in practice, for the reason that the sulphur dioxide and the acid radical, at the moment of liberation, cannot be brought into sufficiently intimate contact to make it effective, especially if a reasonably large current density is used.
If sulphur dioxide is used as a depolarizer, some of the lead in the anode will be converted into the sulphate, but the action of the formation of sulphate of lead is very much slower than in the ordinary electrolysis where the lead is converted into the peroxide. The lead sulphate, however, is more difficult to reconvert back into metallic lead than the oxide.
The energy required to decompose an aqueous solution of copper sulphate is theoretically, 1.22 volts. In practice it will usually vary between 1.5 and 3 volts, depending principally upon the current density used. The theoretical output of copper is therefore, 38.35 Ib. per h. p.-day, or 51.43 Ib, per k. w.-day, of 24 hours. If a depolarizer is used, such for example as sulphur dioxide, then the acid radical combining with the sulphur dioxide to form sulphuric acid, will develop an electromotive force working with the current, and thus reduce the theoretical voltage, but the amount of this reduction is limited largely by the current density employed, and the completeness with which the two substances aretched, is likely to drop to the bottom of the electrolyzcr and short circuit the current. In this experiment the current was not operating continuously; it was turned on in the morning and shut down in the evening. are converted into insoluble. arsenate or
